
D-Ai82 831 GEOMETRIC PROBLEMS IN ADAPTIVE CONTROLIJ) HARVARD UNIV iti
CAMBRIDGE MA R W BROCKETT It DEC 86 AFOSR-TR-87-8911
AFOSR-85-8i87

UNCLASSIFIED F/G 12/9 NL



h.0
L

11.25 111114 1 1.6
Uh110 MW11

MICROCC-PY RESOLU1DON TEST CHART

t4AHCNAL RURtAIS) OF SYAARD? 1963-A



REPORT DOCUMENTATION PAGE
is REPORT SECUI94TY CLASSIFICATION II. RESTRICTIVE MARKINGS

UNCLASSIFIED
2s. SECURITY CLASSIFICATION AUTHORITY 3. OISTRIBUTIONIAVAILABILITY OF REPORT

Approved for public release; distribution
2b: unlimited.

. , 8. MONITORING ORGANIZATION REP04RT NUMBER(S)

AD-A182R 83 7 8- 0 9 11
6e. NAME OF PERFORMING ORGANIZATION b. OFFICE SYMBOL 7a. NAME OF MONITORING ORGANIZATION

/ (lf .pp~miitk
Harvard University i Air Force Office of Scientific Research

Ge. ADORESS (City. Stag* end ZIP Code) 7b. ADDRESS (City. Salte and ZIP Code)

Gl2b Pierce Hall Directorate of Mathematical & Information
Cambridge, MA 02138 Sciences, Bolling AFl DC 20332-6448

. NAME OF FUNOING/SPONSORING 8Eb. OFFICE SYMBOL 9. PROCUREMENT INSTRUMENT IOENTIFICATION NUMBER
ORGANIZATION it applicable)

AFOSR NMAFOSR"-85- 0187

SC. AOORESS (04. State and ZIP Code) 10. SOURCE O FUNOING NOS.

\ CPROGRAM° PROJECT TASK WORK UNIT
ELEMENT NO. NO. NO. NO.

Bolling AFB DC 20332-6448 61102F 2304
11. TITLE (Inciude Securilty C,uifiieiion)

GEOMETRIC PROBLEMS IN ADAPTIVE CONTROL
12. PERSONAL AUTHORIS)
R. W. Brockett

13. TYPE OF REPORT 1313 TIME COV.E.O '14. DATE OF REPORT (Yr.. Mo.. Devi. 15. PAGE COUNT
Final FRoMl1/85 L o6/30/al. December 11, 1986 3

14. SUPPLEMENTARY NOTATION

Final Report on AFOSR 85-0187

17. COSATI COOS It SUBJECT TERMS (Continu, on ru.e.. if neceary nd identify by block number)

FIELo GROUP suB. GR.

Adaptive Control

It. ABSTRACT (Continue on ever e if nece wy and identify by Ioc number)

Robotics offers an ideal test bed for adaptive control algorithms.
During the period of this grant we have investigated the use of
adaptive methods in generating suitable grasps using robotic hands.
We have given a mathematically natural description of compliance
and investigated the adaptive control of compliance. 'flG

20. OISTRIBUTION/AVAILABILITY OF ABSTRACT 21. ABSTRACT SECURITY CLASSIFICATION

UNCLASSIFIEO/UNLIMITEO M SAME AS RPT. 0 OTIC USERS [3 UNCLASSIFIED

22s. NAME OF RESPONSIBLE INOIVIDUAL 22b. TELEPHONE NUMBER 22t. OFFICE SYMBOL
(Include Arta Code)Major James Crowley [(202) 767- 'o IN



'O$R.11- 97-09l1

Summary

This final report covers the 14-month period May 1, 1985, to June 30, 1986. During

this period one Ph.D. student completed his work with partial support of this contract and

two papers dealing with applications of adaptive control were written. In one of these the

important problem of compliance control, as is commonly used in robotics, is addressed

and developed in such a way as to make the mathematical issues clear. In a second paper,

the problem of visual tracking is addressed and a new iterative algorithm is proposed for

the solution of an estimation problem.

Introduction

The control of the grasping of irregularly shaped objects is a situation which obviously

calls for a certain level of adaptation. The parameters to be dealt with in an adaptive way

include the size, shape, and weight of the object being manipulated. Key parameters are

summarized by the compliance of the grasping mechanism.

In our paper [11 we addressed the problem of characterizing the rotational and trans-

lational stiffness of a system. This is a difficult problem because of the coupling between

rotational and translational motions which occurs due to a lack of a canonical choice for

the center of rotation. We give a natural description of the stiffness matrix by "dividing

out" the choice of coordinates.

In [2] we present an iterative algorithm for the computation of motion parameters which

characterize the motion in the image plane, given a sequence of contours which change in

time due to motion in space. Our method is based on the observation due to Waxman

and Ullman (1985)1 that the second-order polynomial approximation of optical flow in the

'A.M. Waxman and S. Ullman, 'Surface Structure and 3-D Motion from Image Flow: A Kinematic Anal-

ysis,' lat. Journal of Robotics Research 4, 205-217, 1985.
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image coordinates provides sufficient information for 3-D motion computation. The use of

an explicit flow model enables us to improve normal flow estimates through an iterative

process. The algorithm has been tested on the synthetic time-varying images. The optical

flows recovered from this scheme are accurate enough to be used for 3-D structure and

motion computation.

In his thesis [3] Tony Bloch considers the subject of total least squares. In this for-

mulation of least squares the uncertainty of the range value is coupled to an uncertainty

in the domain. For example, it is the fitting of a straight line to a family of points

(zi, yi) i = 1,2,..., n whereby one minimizes the sum of the squares of the distances from

A the points to the line. This leads to a more complex algorithm than the usual least squares

alrogithm. Its structure is investigated in this thesis and related to Hamiltonian dynamics.

Publications

t1 R. W. Brockett and Josip Loncaric, "The Geometry of Compliance Programming," in

Theory and Applications of Nonlinear Control Systems, (C. Byrnes and A. Linquist,

eds.), Elsevier, 1986.

[2 ] K. Wohn, J. Wu, and R. W. Brockett, "A Contour-Based Recovery of Optical Flows

by Iterative Improvement," SPIE Visual Information Processing, Vol. 707, pp. 10-16,

1986.

[3 ] Anthony Bloch, Completely Integrable Hamiltonian Systems and Total Least Squares

Estimation, Ph.D. Thesis, Harvard University, September 1985.
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